ABSTRACT From May through November 2007, intensive weekly surveys at the site of a previously reported autochthonous human case of Chagas parasite infection resulted in the collection of 298 Triatoma sanguisuga (Leconte) specimens, of which 60.4% (180) were polymerase chain reaction positive for Trypanosoma cruzi Chagas. All were adults, in a ratio of Ϸ1:1 female to male, indicating that the domicile was not colonized, but was a destination for these host-seeking adults. We report on seasonal activity pattern, T. cruzi prevalence in T. sanguisuga, and attempts at insect exclusion and control at the case residence.
In June 2006, autochthonous transmission of Trypanosoma cruzi Chagas, a protozoan parasite and the etiologic agent of Chagas disease, was reported from rural New Orleans, Louisiana, marking the sixth known human case of locally acquired T. cruzi infection in the United States (Dorn et al. 2007) . In that report, the triatomine bug Triatoma sanguisuga (Leconte) was identiÞed as the vector most likely associated with human infection. T. sanguisuga, found most commonly in the southeastern United States, ranges from the east coast to Arizona and has been found as far north as Indiana (Grundemann 1947) . In the United States, the species often has been found infected with T. cruzi (Beard et al. 1988 ) and has been found in houses on numerous occasions, but is not thought to colonize these structures (Lent and Wygodzinsky 1979) . Other important triatomine species found in the southern United States include Triatoma gerstaeckeri (Stål) (Texas and New Mexico), Triatoma lecticularia (Stål) (Arizona, California, Florida, Georgia, Illinois, Kansas, Louisiana, Maryland, Missouri, New Mexico, North Carolina, Oklahoma, Pennsylvania, South Carolina, Tennessee, and Texas), and Triatoma indictiva Neiva (Texas, New Mexico, and Arizona) (Lent and Wygodzinsky 1979) .
The objectives of this study were as follows: 1) to monitor the level and temporality of triatomine bug association with the residence of a previously reported T. cruzi human infection in southeastern Louisiana, and (2) to determine the prevalence of T. cruzi infection in the bugs collected.
Materials and Methods
Site Description. The study site included the interior and immediate surrounding vegetation (within 2 m) of the residence of the previously reported human case of T. cruzi infection, which is located in a sparsely populated rural area of New Orleans, Louisiana. The property was primarily comprised of nonmaintained bottomland hardwood forest consisting of live oak (Quercus virginiana Mill), water oak (Quercus nigra L.), and pecan [Carya illinoinensis (Wangenh.) K. Koch], with an understory of dwarf palmetto [Sabal minor (Jacq.) Pers.] and wax myrtle [Morella (Myrica) cerifera L.]. Nonmaintained understory vegetation, primarily dwarf palmetto and wax myrtle, closely bordered one side of the house (2 m of vegetation), whereas the other side of the residence opened to a maintained lawn, Ͻ20 m in area. The residence had a ground-level concrete foundation, was of woodframe construction with intact window screens, and had several seldom used room unit air conditioners. The interior of the house had an open design with few separating doors. Previous interior domicile inspections showed fecal streaks on the walls characteristic of triatomine infestation (Dorn et al. 2007 , SchoÞeld et al. 1986 .
Entomological Collections and Parasite Detection. To monitor seasonal temporality of triatomine bugs, weekly entomological surveys of the domicile were conducted for 1 h by two people both inside and outside within 2 m of the perimeter of the residence beginning 12 May 2007 and concluding 29 November 2007. All interior rooms were inspected thoroughly; inspections included looking under and behind all raised and/or detached furnishing, as well as examining all exposed surfaces. More extensive exterior collections were not attempted because of the density of vegetation bordering one side of the premises. Collections included both live and dead triatomine insects; moribund specimens were brought back to the laboratory and held in a clean container. Survivors were classiÞed as collected live. All collected triatomines were identiÞed to species using a morphological taxonomic key (Lent and Wygodzinsky 1979) .
Because many of the collected triatomines were dead, polymerase chain reaction (PCR) was used to determine T. cruzi infection status by previously described methods (Dorn et al. 2007 ). Brießy, DNA was isolated from the last two segments of the abdomen by either the DNeasy Blood and Tissue kit (Qiagen, Valencia, CA) or by boiling the sample 15 min in 1ϫ PCR buffer; PCR reactions included primers TC3 and TC4 annealing to T. cruzi minicircle DNA, and product was visualized on an agarose gel. For live bugs, fecal drops on Þlter paper were tested following a similar protocol (Russomando et al. 1996) .
Insect Control Methods. Indoor residual spraying was conducted by a commercial pest control operator every 60 d with undiluted BP300 (3% pyrethrin, 6% piperonyl butoxide; Whitmire Micro-Gen, St. Louis, MO) along with Suspend SC (4.75% deltamethrin; Bayer Environmental Science, Research Triangle Park, NC) at a rate of 4 oz/gal. All accessible indoor cracks and crevices were treated using a pressurized spray applicator wand. Outdoor residual spraying was conducted every 30 d using Talstar spray (7.9% bifenthrin; FMC, Philadelphia, PA) at a rate of 0.5 oz/gal. All external house surfaces and vegetation within 6 m of the house were treated. Treatment began on 24 May 2007 and continued according to a 30-or 60-d schedule until 11 September 2007. Although the pest control operator had not previously attempted spraying for triatomine exclusion, the doses used were consistent for exclusion of similar sized insects, such as the American cockroach, Periplaneta americana (L.).
Data Analysis. Data were analyzed using SPSS 13.0 (SPSS, Chicago, IL). Descriptive statistics were used to summarize T. sanguisuga collections by location, infection status, state of bug (alive or dead), and sex. A multivariate regression model was created to independently test the predictive effect of sex, location (inside or outside), and early or late season on T. sanguisuga infection with T. cruzi. Collections before 13 August (midpoint of triatomine activity for 2007) were designated as early season. Odds ratios of T. cruzi infection were also computed for bugs by sex, location, and season. The probability of committing type 1 error was set at 0.05.
Results
A total of 298 T. sanguisuga specimens was collected, with Þrst collection occurring 16 May 2007 and the last collection occurring on 9 November 2007 (Fig. 1) . Of those collected, 87.6% (262) were dead and 12.4% (36) were alive. Numbers collected were highest from late June through late September, averaging 2.8 bugs per day and ranging from 0.5 to 4 bugs per day. PCR performed on either the distal two abdominal segments of dead insects or fecal drops on Þlter paper from live insects indicated that 61.4% (180/293) were infected with T. cruzi. Live insects represented 13.3% (n ϭ 24) and 11.5% (n ϭ 13) of the T. cruzi-positive and T. cruzi-negative samples, respectively, whereas dead insects represented 86.7% (n ϭ 156) and 88.5% (n ϭ 100) of positive and negative samples, respectively. Females represented 45.4% (n ϭ 133), whereas males were collected 54.6% (n ϭ 160) of the time, representing a ratio of 0.83:1 females to males. Five dead bugs could not be tested or identiÞed to gender because the abdomen was missing, and they were not included in the infection status or gender ratio calculations.
All insects collected were adults with no evidence of nymphs, exuviae, or eggs in the domicile. The majority of bugs (75.8%, n ϭ 202) were collected outside the residence, and most of those were found under (59.9%) or on (29.7%) a balcony on the east side of the house (n ϭ 121). Of the bugs collected inside, 34.3% (n ϭ 96) were collected inside the master bedroom.
Results from the regression analysis indicated that the sex of the bug (P ϭ 0.007) and season (early versus late season) (P Ͻ 0.001), but not location of collection (inside versus outside domicile) (P ϭ 0.080), predicted infection with T. cruzi, while adjusting for each other variable (Table 1 ). Female T. sanguisuga were at 1.5-fold greater risk of T. cruzi infection (odds ratio 1.5, P ϭ 0.008) than were males. Bugs collected later in the season (after 13 August) were 4-fold more likely to be infected with T. cruzi (odds ratio 4.3, P Ͻ 0.001).
Discussion
We report a high (60.4%) prevalence of T. cruzi in an abundant native population of T. sanguisuga at the residence of a locally transmitted human case of T. cruzi infection. Furthermore, we observed this resident population of T. sanguisuga over its active season. Yaeger (1988) demonstrated native populations of T. sanguisuga and T. cruzi in armadillos at an adjacent site in southern Louisiana. We speculate that local climatic factors changed native reservoir and vector habitats in the immediate area. Understanding the ecological and environmental parameters that lead to focal population increases of triatomine vectors and reservoirs is critical to preventing additional pathogen spill-over events into human populations.
To our knowledge, no one has reported such a high prevalence of T. cruzi in T. sanguisuga. A literature review by Hanford et al. (2007) found reports of T. sanguisuga in Texas having an infection rate ranging from 17.1 to 44.4%. A report by Pung et al. (1995) found three of Þve T. sanguisuga bugs to be infected in southeast Georgia, although the low sample size most likely distorted an accurate prevalence. An earlier report focusing on the human case of T. cruzi infection at the same residence observed in this study by members of our research team (Dorn et al. 2007) found 56% (10/18) of T. sanguisuga bugs infected with T. cruzi. This report should be considered a larger sample of the same T. sanguisuga population, thereby conÞrming our previous Þnding. The complete lack of immature stage T. sanguisuga collected in our study undoubtedly results in an overestimation of T. cruzi in triatomines at this site, because one would expect potential for infection to increase with each subsequent blood meal during maturation through Þve nymphal instars to the adult stage. Therefore, our infection prevalence represents only mature dispersing T. sanguisuga.
The lack of nymphal bugs also indicates that the domicile had not been adequately colonized to establish a reproductive population. This is corroborated by the fact that the majority of the bugs were collected outside the house. Our evidence that there was no difference in infection status of bugs whether they were inside or outside suggests that there was no additional ampliÞcation occurring in the residence. It also suggests that bugs that were collected inside of the house may not have been inside long.
In the United States as well as abroad, naturally occurring reservoir hosts of T. cruzi are important to the cycle of transmission. Worldwide, Ͼ180 species or subspecies of mammals have been found infected with T. cruzi (WHO 2002) . In the United States, Ͼ18 species of mammals are known to harbor the parasite (John and Hoppe 1986) . Raccoons are considered an important sylvatic reservoir species, with reported seroprevalence rates of 37Ð 61% in areas across South Carolina and Georgia (Yabsley and Noblet 2002) . In addition to raccoons, armadillos are also an important sylvatic reservoir species, particularly because of their close proximity to humans and the unique habitat they provide to triatomines in their burrows (WHO 2002) . In southeast Louisiana, 28.8% of armadillos (Yaeger 1988) , 37.5% of opossums , and 4.7% of domestic dogs were found to be infected with T. cruzi .
Meteorological events, including tropical cyclones, can have signiÞcant effects on the distribution and abundance of vectors, reservoirs, and pathogens (WHO 2002) . A major increase in domestic infestation by Triatoma dimidiata was observed 4 Ð 6 mo after landfall of Hurricane Isidore within 75 km of its path across the Yucatán peninsula (Guzman-Tapia et al. 2005) . In 2005, 9 mo before the discovery of the sixth human case of T. cruzi infection in the United States (Dorn et al. 2007) , Hurricane Katrina made landfall in southeastern Louisiana. Caillouë t et al. (2008) demonstrated a Ͼ2-fold increase in West Nile neuroinvasive disease in hurricane-affected areas of Louisiana and Mississippi after Hurricane Katrina. Others found increases in native vector mosquito species after Hurricane Katrina (Foppa et al. 2007 ). Chambers et al. (2007) estimated the hurricane caused tree mortality and severe structural damage to 320 million large diameter trees in Louisiana and Mississippi. Because T. (Olsen et al. 1964) , the massive timber destruction may have led to the destruction of tree nests. Subsequently, adult T. sanguisuga may have infested nearby residences for lack of appropriate habitat or to seek new hosts as a result of host population ßux. Insect control methods most likely enabled a relatively unbiased collection of T. sanguisuga dispersing toward and into the residence. Because most collected bugs were dead or dying at the time of collection, the indoor residual crack and crevice spray and outdoor residual spray appeared effective. Without control efforts, it is possible that the insects could have colonized the domicile.
Further studies on population genetics and feeding habits of T. sanguisuga in southeastern Louisiana are ongoing. Results from these studies may help to determine local risk factors associated with T. cruzi transmission to humans.
